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Tuberculous meningitis is universally considered to be a fatal
disease. Examples of spontaneous recovery have been reported, but
they are rare and complete laboratory confirmation in most of these
is lacking.
In January, 1944, Schatz, Bugie, and Waksman2 reported the
isolation of streptomycin. In November, 1944, Schatz and Waks-
mat3 demonstrated its marked bacteriostatic and bactericidal action
against a human strain of Mycobacterium tuberculosis in vitro. In
December, 1944, Feldman and Hinshaw' first showed the suppres-
sive effect of streptomycin on "the pathogenic proclivities in guinea
pigs of the human variety of Mycobacterium tuberculosis."
The following case is cdescribed 'because (1) the use of strepto-
mycin in the treatment of human tuberculous meningitis has not been
reported, (2) streptomycin seemed to modify favorably the course
of the disease, and (3) this is the first detailed report of the adminis-
tration of streptomycin by the intrathecal route.
Report of case
History: M. M., an Irish-American girl, aged one year, was admitted
to the New Haven Hospital on May 12, 1945, with convulsions. One and
one-half hours before admission she had a generalized clonic convulsion with
mild cyanosis. There were no previous signs or symptoms of illness.
Examination: At the time of the baby's admission her temperature was
100.80 F. and respirations were 20. Her convulsions continued until sodium
pentothal was administered intravenously. The only other abnormal physical
signs were dullness and suppression of breath sounds over the left upper chest
anteriorly and posteriorly.
The total white blood cell count on admission was 20,500 with 60 per
cent polymorphonuclear leukocytes and 40 per cent lymphocytes. Intra-
cutaneous tests with old tuberculin (0.1 mg.) were markedly positive on
two occasions. Lumbar puncture was performed on the sixth hospital day
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(May 17) because of the positive tuberculin tests and the increasing irrita-
bility of the patient. The spinal fluid was ground-glass in appearance with
106 white cells per cubic millimeter, of which 50 were lymphocytes. There
were 7 mg. of sugar and 103 mg. of protein per 100 cc. From 2 to 64
acid-fast bacilli were seen per oil immersion field in a stained smear of the
pellicle which formed in an hour.
Five cubic centimeters of spinal fluid were injected into a guinea-pig on
May 19. Five weeks later the animal showed a positive intracutaneous
tuberculin test and autopsy revealed two large caseous abscesses at the site of
inoculation. Many tubercles were present in the liver, spleen, and on the
peritoneal surfaces. Smears of the lesions contained numerous acid-fast bacilli
without other organisms.
Cultures of the patient's spinal fluid on rabbit blood agar plates and in
beef heart infusion broth were sterile. Rhinopharyngeal cultures showed
the usual flora. No bacteria were present in cultures of the blood and uri-
nalyses gave normal findings. Cold agglutinin and Mazzini tests were
negative.
Roentgenographic examination of the patient's chest upon admission
revealed mediastinal glandular enlargement, bilateral patchy bronchopneu-
monia, and consolidation of the left upper lobe consistent with the childhood
type of pulmonary tuberculosis. Study of the family showed the father to be
the tuberculous source. He had bilateral pulmonary apical tuberculosis with
acid-fast bacilli in his sputum.
Course in the Hospital: Treatment consisted of streptomycin* intramus-
cularly and intrathecally, beginning on the eighth hospital day (May 19).
Streptomycin was administered intramuscularly in an amount of 10,000
units in 1 cc. of saline every two hours for the first week; 20,000 units were
then given every two hours for 30 days. Because of lack of the drug, treat-
ment was interrupted almost seven days. When therapy was resumed on
July 2 the dosage of 20,000 units every two hours was continued for an addi-
tional 29 days. The total amount of streptomycin given by intramuscular
administration was 15,049,000 units. This therapy was carried out over a
period of 68 days.
The initial daily amount of streptomycin given intrathecally was 1,000
units. This was gradually increased to 100,000 units by the fifteenth day
of therapy. Technical difliculties in performing repeated lumbar punctures
account for a few exceptions. Two hundred thousand units in 5 cc. of saline
were given intraventricularly every other day commencing on the nineteenth
day of treatment. Since the supply of streptomycin was becoming low the
amount was decreased to 100,000 units on the twenty-fifth day of therapy
* Streptomycin was furnished by Merck & Co., Inc., Rahway, New Jersey.
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Fig. 1. Clinical course of patient M. M. with streptomycin therapy.STREPTOMYCIN IN TUBERCULOUS MENINGITIS 223
(June 12). On the thirty-third day of therapy bloody ventricular fluid was
obtained and no streptomycin was instilled. When streptomycin was not
available there was a lapse of nine days in intrathecal administration, but
treatment was resumed on July 3 with 200,000 units every other day over a
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FIG 2. Febrile response following streptomycin intrathecally.
period of 29 days. The total amount of intrathecal streptomycin was 4,951,-
000 units. The infant thus received a total of 20,000,000 units by the com-
bined routes.
Intramuscular streptomycin produced no apparent reaction. With intra-
thecal administration of streptomycin there occurred a sharp rise in tempera-
ture exceeding 1030 F. each day for the first few days. This occurred within
9 to 12 hours after administration with usually a rapid fall in 4 hours.
Fever of this degree was never noted prior to therapy. There was no febrile
response thereafter which could be correlated with the streptomycin given
intrathecally in even larger amounts. The fever was not clearly related to
any variations in the preparation of streptomycin since the same ampoule,
and ampoules of the same lot number were used subsequently without such
a reaction.
The patient's general course can be divided into three phases. For theYALE JOURNAL OF BIOLOGY A:ND MEDICINE
first 32 days of therapy the patient became progressively worse. Classical signs
and symptoms of tuberculous meningitis, including nuchal rigidity, convul-
sions, vomiting, irritability, nystagmus, and diminished responsiveness, rapidly
appeared. The baby took feedings poorly and lost 1.4 kg. For the next
two months the baby's condition remained essentially unchanged. Her weight
was maintained by gavage and clysis because she was unable to swallow
adequately. Phenobarbital controlled her convulsive seizures. Periods of
extreme bradypnea and Cheyne-Stokes respiration occurred frequently. At
times the baby appeared moribund.
For the past 20 weeks the patient has definitely and markedly improved.
At the present time (December 31, 1945) she has learned to suck, takes
all feedings from the bottle, and has gained weight consistently. Many
neurological signs, including nuchal rigidity, convulsions, irritability, and
nystagmus, have disappeared. Spasticity of the right arm and leg is no
longer present and the baby can now see. She responds to visual stimuli with
vocalization and with coordinated movements of her eyes and head. Vision
has returned during the past month. Bilateral deafness persists and vomiting
occurs occasionally. The circumference of her head has not increased. On
the 125th day of hospitalization non-tender enlargement of the left anterior
cervical lymph nodes was noted, which have now decreased in size. It is not
clear whether the adenitis was tuberculous or related to an inflammation con-
sequent to the continuous gavage by nasal catheter. Dullness and suppres-
sion of breath sounds over the left upper chest have persisted. The erythrocyte
count and hemoglobin have been sustained without the aid of transfusions
except for two given on the tenth and eleventh hospital days.
The patient's temperature fluctuated widely for the first 3 months of
hospitalization. Fever was usually between 100.4 and 102.2° F. Several
times during therapy, and after discontinuance of streptomycin, higher fever
was present for a few days. However, the degree and frequency of tem-
perature elevations have been much less in the past three months. She now
weighs 10.6 kg.
The changes that occurred in the spinal fluid during intensive therapy
were striking. At first acid-fast organisms were numerous but they disap-
peared one month after streptomycin was begun. Seven guinea-pigs were
injected with cerebrospinal fluid. The first of these developed tuberculosis.
Six animals remained well and intracutaneous tests with old tuberculin (5.0
mg.) were negative. Five of the six were killed six weeks after they had been
injected and the remaining animal was sacrificed twelve weeks after intra-
peritoneal injection of spinal fluid. Necropsy failed to reveal any evidence of
tuberculosis.
The cytological and chemical changes in the spinal fluid were more
gradual than were the bacteriological. The sugar was 7 mg. per 100 cc.
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at the first determination. On May 21, two days after therapy was started,
this had risen to 17 mg. per 100 cc. Subsequent determinations showed a
slow rise to normal values. Initially the spinal fluid protein was 103 mg. per
100 cc. This reached 298 mg. in the first month and then fell gradually
to 27 mg. per 100 cc. The spinal fluid cell count, like the protein level,
rose at first and then decreased. For simplicity table 1 contains representative
rather than all spinal fluid examinations.
TABLE 1
SPINAL FLUID EXAMINATIONS
Guinea-pig Total %o
Date Sugar Protein Organitms* test W.B.C. Lym. R.B.C.
May 17 7 103 many 106 50
19 positive
21 17 254 24 1061 5
22 52 307 52
June 1 21 298 450 173 30 many
16t 232 0 negative many
21 243 negative many
July 5 0 negative
11 42 131 4 25
17 56 102 1 100
23 42 116 62 50
27 51 126 30 80
Aug. 9 53 100 0 negative 20 50 388
22 72 45 negative 55 100 5
Sept. 25 46 27 0 12 88
Oct. 12 0 negative
Nov. 29 68 0 0 1
* Number of acid-fast bacilli per 100 fields.
tThis and the nine succeeding spinal fluids were obtained by ventricular punc-
ture. Spinal fluids of October 12 and November 29 were from the lumbar region.
Serial x-ray examinations of the chest were made at intervals of two
weeks. After one month of hospitalization (June 14) there was clearing
of the prevliously noted mottled densities throughout both lung fields. On
July 6 (56th hospital day), some slight decrease in the infiltration of the left
upper lobe was noted. On September 24 (136th hospital day), the large
mediastinal nodes could not be seen. At the present time x-rays show some
infiltration of the left upper lobe with minimal calcification. While there has
been improvement of the pulmonary lesion it is not certain that this can be
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attributed to streptomycin therapy. There is no evidence bf tuberculosis of
the skull, vertebrae, long bones, or abdomen.
Discussion
In general, cures are reported witlh much greater frequency than
are failures. In the literature thereare very few examples of recov-
ery from tuberculous meningitis in children under two years of age.
The authenticity of the diagnosis of these cases is debatable.
The diagnosis of tuberculous meningitis in our patient can not
be disputed. A history of intimate exposure -to tuberculosis was
obtained. A pulmonary lesion and a positive tuberculin test were
demonstrated. The cerebrospinal fluid on admission revealed char-
acteristic chemical and cytological changes. Smears showed many
acid-fast bacilli. Guinea-pig inoculation produced typical disease in
fiveweeks and the organisms were present in the lesions.
The clinical progression of signs and symptoms of tuberculous
meningitis were arrested during treatment with streptomycin. They
have decreased further since cessation of treatment (the bawby has sur-
vived 234 days). Inadequate amounts of streptomycin were prob-
ably used at first, since progression of the disease occurred. Acid-
fast bacilli disappeared from the spinal fluid dunrng treatment with
streptomycin and have not reappearedafter discontinuance oftherapy
for over five months. We feel that there is strong evidence that
intramuscular and intrathecal streptomycin favorably influenced the
course of tuberculous meningitis in this patient. Best results should
followearly and intensive therapy, in the hope of dbtaining aprompt
cure without resorting to numerous intraventricular punctures.
Summary
Tuberculous meningitis in a one-year-old baby was treated with
intramuscular and intrathecal streptomycin with what would appear
to be favorable modification of the disease.
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